
CODING FOru~S FOR SRC INDEXING 

Mic"t'ofiche No. 

OTS0558760 

Doc 

86960000559 

ow o f .. 40 ' ' 4 ' • I ' • • • • • ' • 

Date 
Produced 

09/25/95 

Contractor 

Document Title 

Date 
Received 

06/05/96 

SHELL RESBARCH ~TO 

TSCA 
Ser::tion 

8D 

TOLYLENE-2,4 - DIISOCYANATE (2,4 - TDI) - DETERMINATION OF 

PHYSICOCHEMICAL PROPERT~ _-::S, WITH COVER LETTER DATED 3 /':Y.7 /96 

TOLYLENE - 2,4 - DIISOCYANATE (584 - 84-9) 



Microfiche No. (7) • I 

Doc l.D. I 

Case No.(s) I 

Date Produced (61 J 

OrPICZ OP TOXIC SUBSTANCES 

CODING FORM FOil CLOIAL INDEXING 

uv. 7/27/8~ 

11 No. of Paaea I -~ 2 
I 

3 I Old Doc I.D. I ~~ q~ ~. 
1 _ aJJ~5:. 

4 

11 
5 

6 Date Rec' d (6) I 7 C.onf. Code •J 8 

AJ 
Check Ont: [J Publication CJrnternally Generated CJExterna~lv- Generated 
Pub/ Journal Name J 9 

9 

Author(a) I 10 

Organ. Name I 11 
• 

-Dept/Div I 12 

P .O. Boxl 13 I Street No./Namel 14 
1 

CitY I 15 I State! 16~ 17 I Countrvl :&.8 
I I 

MID No. {7) J 19 t D & B NO. _{llLJ 20 
1 

~-:actor I 21 

ooc Type l 

~.b . 
22 

• • • I 

Doc T .l.t le I 23 

-

-CluuDi::al ~aiDI 000 oer name)l 25 CAS No noll 24 

-· 



.· 3 c~~oooo56'1 
~ 

RECE\VEO 
fl!.10 'f (''1\ r. 

. -. -· 

96 JUi\ -5 Pt1 2: t.S Shell 011 Company ® 

March 27, 1996 

B~q ~()00C&.5.5 
-ro 

~4 k,oa.x:>f;S9 

CERTIF~ED MAIL - RETURN RECEIFT REQUESTED 

U. S. Environm~ntal Protection Agency 
uocument Processing Center (7407) 
Room G-099 
Office of Pollution Prevention and Toxi~s 
Environmental Protection Agency 
40 1 M. Stceet, SW . 
Was hington, DC 204 60 

ATTN : 8 (d) Health and Safety Reporting E·.ule 
(No tiflcation I Reporting) 

<.lne Shell Pleza 

P.O. Box 4320 

Houstcn, Texas n210 

. . ~~ 
~~. ~ 

:=» -
c:> 

U1 
-.I 

S~BJECT: TSCA SECTION 8(0), HEALTH AND SAFETY DATA REPORTING 

As required by Toxic Substanc es Control Act , Section 8(d), Shell 
is submitting copies of health and safaty studies as cutlined in 
40 CFR 716. Five reports are enclosed (Report Numbers 514 , 515, 
516, 517 and 518 ) . Each individual study is accompanigd by a 
cover page as requested under 716.7(b) . An i ndex is also 
enclosed which includes the study title, date, specific chemical 
substance, CAS number, and Shell ' s report reference number for I 
ease of future identification . I . I / . /' 

1 1 
L ?/.._ 

1\) 1{ ~'f1-1.£ltl.J {),...( T\1 n1tr( <-L" '> l '-' / 

~£~ 
I I ,2 .;;' h'?)- J·!k.· c fy ::;- , ~~ { "I 4 c .' 7 ~ " 

Manager , Produc t Safety and Compliance 
Oil and Che~i cal Products 
Heal th, Safety and Environmental 

/MSBJ 
Enclosures 



sua. NO. TITLE 

INDEX Of H~TH AND SAfETY STUDIES SUBMITTED TO EPA 
~ORTED BY SU~~ISSION NUMBER 

RPT. DATE" CHEMICAL CAS N• "l'iBER SHELL REf. 

-------------------------------------------------------------------------------------------------------------------------------------
514 DETERGENT TR~TABILITY STUDIES.IV 870900 4 -NONYL PHENOL 000104-4 0-5 WRC 117-87 

ANERARCSIC ~PERIHSNTS 

515 ORTHO TERTBUTYL?HENOL : SKIN AND EYE 890307 2-TERT ~UTYLPHENOL 000088- 18-6 SBGR.88.269 

IRRITANCY. 

516 o-TERT.BUTYL PHENOL: ACUTE ORAL AND 901119 2-TERT BUTYLPHENOL 00('088-1 8-6 SBGR.90.123 
DERHAL TOXICITY, AND SKIN SE:NSITISJ>TION 
POTENT lAL 

517 BACTERIAL MIJTAGEtHC!TY STUOIES lo.'lTH 890123 2-TERT BUTYLPHENOL 000088-18-6 SBGR.88.24C. 

ORTHQ-TER~BUTYLPHENOL 

518 TOLYLEN£-2,4-~IISOCY~~TE 12,4-TDI I : 950825 TOLYLENE- 2,4-0l[SOCYANATE 000584-ll4-9 SBER.94. 004 
OETERHJNA'i'ION Of PHYSICOCP.UtiOU. 
PROPERTIES 

, 



REp(\RT NO. 518 

SU\MISSION Of COPIES OF HEALTH AND SAFETY STUDIES - TSCA SECTION 8(D) 

CHEMICAL NAMES OF LISTED SUBSTANC~S CAS NUMBER( S) 

TOLYLENE-2,4 -DIISOCYANATE 000584-8 4- 9 

STUDY TITLE: 

STUDY REFER.!:NCE: 

SUBMlTTE:D BY: 

SAME: 
TITLE: 

COMPANY : 
ADDRESS : 

TOLYLENE-2, 4-DIISOCYANATE (2 ,4-TDI): DETERMI NATION OF 
PHYSICOCHEMICAL PROPERTIES 

SBER.94. 004 

J. C. WILLETT 
~~AGER, PRODUCT SAFETY & COMPLIANCE 
OIL & CHEMIC~ PRODUCTS 
SHELL OIL COMPANY 
ONE SHEI,L PLAZA 
P.O. BOX 43ZO 
HOUSTON, TX "1721 0 

TELEPHONE NO: (713) 24 j-6958 

11111111111111 
sssseeeesss 



·' . .. 

EXTERNAL REPORT 

SBER.94.004 

Tolytene-2,4--diisocyaNrte {2,4-TOI): Oetennination 
of physiccchemlcal properties 

Fisk PR 
Langner EJ 

Neither Royal Oudl P.trolun Cornpwly nor 
The "Sneet• TrtNpOI't and Trdlg ~. 
p.l.o. nor any CXJmPa'lY of the Royal 
OutcM>hell Group wiD a.;x)IJ)t M'fiJ liability for 
10611 01 ~ originating from the UN d 
the lnfoonation COfUJned herein. 

Reproduction of 1hia document in whole Olin 
partie allowed if due ~t Ia 
made to Shel ~ Rteearch 
~B.V.,lt.Higut. 



SECURITY CLASS: 

DOCUMENT TYPE: 

DOCUMENT NUMBER: 

TITLE: 

A0TtiOR(S): 

REVIEWED BY: 

PARTICIPANT(S): 

PROJECT NUMBER: 

SUB PROJECT: 

PROJECT TITLE: 

SPONSOR: 

BUDGE'f CODE: 

1 
SOURCE: 

ORIGINATING DEPT: 

• 
J DATE: 

PF/792 

EXTERNAL REPORT 

SBER.94.004 

Tolylene-2,4-diisocyanate (2,4-TDI): Determinaticm of 
physicochemical properties 

Fisk PR 
Langner E.J 

Lyne RL 

Sherren JA 

6205 

SE/1 
SE/1 

SE'1 

SE/1 

ShPII Research Limited, Sittingbourne Research Centre. 

Safety and Envir0nmental Research Department 

September 1995 



SBER.94.004 

Study lttle 

Tolytene-2,4-diisocyanate (2,4-TDI): Oo,ttnnination of physicochemical properties 

Regulatory Data Requirement 

EEC Tests, A1, /42, A3, A4, A14 

Authors 

P.R. Fisk 
E.J. Langner 

Study Completed On 

25th August 1995 

Perfonnjng Laboratory 

Sittingbourne Research Centre, 
Sittingbourne, Kent ME9 SAG, U.K. 

~ry Project Identity 

Study No. 6?.05 Report No. SBEA.94.004 

(Total number of pa~es in the study: 33) 



- 2 -
SBER.94.004 

This page is reserved for information relevant to regulatory submission. 



-3 -
SBER.94.00.i 

COMPLIANCE WITH GOOD LABORATORY PRACTICE 

This study has been conducted in compliance with GvOD LABORATORY PRACTICE and 
maets the following requirerr.ents: 

United Kingdom Department of Health, Principles of Good Laboratory Practice 
LONDON 1989 

Organisation for Economic Co-operation and Development Principles of Good 
Laboratory Practice PARIS 1982 

except that no claim of GLP compliance is made in respect of the test substance 
characterisation data provided by the supplier of the test substance, reported in 
Appendix B. 

This report fully and accurately reflects the raw data generated in the study. 

Study Director: 

f R.£{ 2S/r/Cf~ 
(Signature) (Date) 
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Tolyler.e-2,4-diisocyanc.ate (2,4-TOI): Determination of physicochemical properties 

(Study Number: 6205) 

SUMMARY: 

Physicochemical properties of tolyiene-2,4-diisocyanate (2,4-TOI) havs been determined in 
a~cordance with thA test methods described in the Official Journal of the EEC. The results 
cbtained were as follows: 

Freezing point: 
Boiling point: 
Relative ciensity al25"C: 
Vapour pressure (calculated) 

(measured) 
Explosivity: 

(A1) 21 °C 
(A2) 252 to 254°C at 101 i hPa 
(A3) Dl5 = 1 .21~· 
(A4) 1.5 Pa at 20°C 

2.1 Pa at 20°C 
(A 14) Not explosive 

Tht, test references are given in parentheses. 

)~ 
A·/ 

C.J. Kroese, Manager & Director Research, 
Shell Research Limited, 
Sittingbourne Research Centre, 
Sittingbourne, Kent, ME9 BAG, U.K. 
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1. INTRODUCTION 

Determination of the physicochemical properties of tolylene-2, 4-di! ···m&te (2.4-TDI) has 
been requested for regulatory purposes. The studies have been p£. . .ned in accordance 
with the test methods described in the Official Journal of the European Comrr.unities(1). 
The study protocol is given in Appendix A. 

2. MATERIALS AND METHODS 

The standard test reference numbers are given in parentheses. 

2.1 Oescrjptjon of the test substance 

Tolylene-2,4-diisocyanate (abbreviated to 2,4-TDI) was received from Rhone-Poulenc via 
the Sittingbourne Research Centre Test Substance Unit. It has an overall purity of 99.9%; 
further details on its composition are given in Appendix B. 

2.2 Qeteanjnatjoo of the freezing pojnt of 2.4-TPI (Al) 

An estimate of the melting point/freezing point was available from the test substance data 
sheet, which was 22°C. 

2.2.1 Egujpment 

a. Crystallizing point apparatus: a glass test tube of nominal size 150 mm by 25 mm 
was placed inside anotner glass test tube of nominal size 160 mm by 38 mm. The 
outer tube was flanged so that it could be supported by a metal cover plate. The 
assembly was placed centrally in a 1000 ml tall form beaker. The outer tube was 
weighted with lead shot, and the inner tube was closed by means of a cork which 
carried a glass stirrer, and, through its centre, an appropriate thermometer. A second 
thermometer was placed in the beaker. 

b. Stop clock. 
c. Alcohol in glass thermometers. 

2.2.2 Method 

The beaker was filled with cooling medium (ice-water at ca. 14°C} to within 20 mm of the 
top. The sample of test substance was pre-heated to form a melt. The inner tube was 
removed from the apparatus and approximately 10 ml of melted sample was added. The 
cork carrying the thermometer and glass stirring rod was inserted and the Inner tube 
replaced In the crystall~lng point apparatus. The sample was gently and continuously 
stirred and the temperature of the sample and cooling medium were recorded at Intervals of 
30 seconds, until the temperature remained constant for five consecutive readings. This 
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temperature is the freezing point. 

The experiment was duplicated. 

2.3 .Qeteanjnatjon of the boiling po:ot of 2,4-TDI (A2) 

The boiling point of 2,4-IPI has been detennined using the Siwoloboff method. Information 
about boiling was also obtained from differential scanning calorimetry (DSC) and 
thermogravimetric analysis (TGA). These were used primaril}' for tests of thermal stability, 
described in Section 2.6. 

The apparatus (app!'oximate dimensions) used consisteci of: 
A glass tube, 90 mm long, 5 mm i.d., sealed at the l,..wer end 
A glass capillary, 100 mm long, 1 mm i.d., sealed at the upper end. 
A mercury in glass thermomater. 
A heating bath (a conical flask containing silicone oil, with a side arm) 
A magnetic stirrer hotplate. 
A barometer. 

The procedure used was as follows: 

1. The sample tube was filled with the test substance, and the capillary was placed into the 
tube with its open end at the bottom. 

2. The tube assembly and the thennorneter were fixe~ together by a small band, and 
placed in the side arm of the conical flask. 

3. The level of silicone oil in the heating bath was sufficient to be above the level of the 
sample.The bath was heated at 3°C per minute u~ to 1 ooc below the expected boiling 
point, and then at 1 oc per minute. 

4. When a stream of bubbles was observed emerging from the capillary the temperature 
was noted and the source of heating was removed from the bath. 

5. The temperature at which the test substance re-entered the capillary was recorded. 

6. The ambient pressure was measured using an electronic barometer (Prosser 
Weathertrend), and recorded. 

The experiment was duplicated. 

2.4 Detemljnation of the density of 2.4-TDI (A3) 

An automated method to measure the density of liquids was used. The basis of the method 
is that the instrument includes an oscillating sample cell; the sample cau:ies a change In the 
frequency of oscillation corresponding to the density of the sample. The instrument (Paar 
DMA46 dennity meter) Is calibrated at the test temperature by means of two materials of 
known densJty (water and air). 

! 
i 

I 
~ 

I 
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This method is applicable for measuii"' the density of liquids over a temperature range of 
150C to 38°C and vapour pressures up to 1 MPa. The instrument was first calibrated using 
the following procedure: 

1. The tam1 .arature of the sample cell was set. The sample call was filled with distilled 
water and allowed to equilibrate for 5 minutes. The ir.strument output, T (W) was 
obtained. 

2. The cell was cleaned and dried and allowed to equilibrate for 5 minutes and then the 
meter was read. The instrument output for air, T(A) was obtained. 

3. The atmospheric pressure was measured; the density of air, p(A), at that pressure and 
the test temperaturg and the density of water, p(W), at the required temperature were 
obtained from reference tables. 

4. The apparatus constant A was calculated from: 

A ""------
. t''Y'/) - p(A) 

5. ihe apparatus constant B was calculated from 

B = r2(A) - A x p(A) 

6. The values of A and B were entered into the instrument, and then the density of doubly 
distilled water at the test temperature was measured; it should be within ± 0.0001 g/m1 
of literature values for the density of water at the test temperature. 

The density of 2,4-TDI was then determir.ad using the following procedure: 

1. The temparaturo of the sample cell was adjusted to the required value. This was 250C, 
being the lowest temperature at which the test substan .. 3 remained reliable and 
completely as a liquid. Atmospheric pressure was measured, and the density of air was 
read from the meter. The difference between the Gensity of air Indicated at the rneter 
and the literature value should not be greater than 0.0001 glml. 

2. The sample cell was filled wtth 2,4-TO I. 
· • The density of the sample was read from the meter. 
4. The cell was cl&aned, such that the meter showed a value below 0.0012 g/ml for air. 

· The experiment was performed In triplicate. After determination of the real density, the 
relative density was aJso calculated. 
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2.5 Determination of the vapour pressure of 2.+101 (A4) 

2.5.1 Estjmatjon of vapour pressure from boiling poj.Jt 

Estimation of the vapour pressure was useful in order to aid choice of the method of 
measurement. It can also be useful as a means of providing a result when it is considered 
not necessary to perform a measurement. Estimation by the modifiad WC\tson method is 
described in the description of the A4 test method in the Official Journal. 

The modified Watson mathod(2) to calculate vapour pressure requires knowledge of the 
boiling point of the test substance, by fitting the following partly empirical equation, valid 
down to 10·5 Pa: •· 

In P.:. 

~RTb 

where P 
~Hb 

~ 
R 

Tb 
T' 
m 
~Htlfb 

1 ---- - 2 m (3-2T')m-1 lfr T' 

T' 

= vapour pressure (atmospheres) 
= latent heat of vaporisation (kcal mol-1 ) 
= a constant (0.97) 
= the gas constant 
= boiling point (K) 
= Trrb where Tis the desired temperature 
=- a constant obtained from the table below 
= KF (8.75 + R In Tb) where K = 1.01 usually 

Choice ofm 

·-
fb~sical slate T' m 

LiquCd all 0.19 
Solid >0.6 0.36 
Solid 0.6-0.5 0.8 
Solid <0.5 1.19 

The mett)od wa~ applied via the program CHEMEST(3). 

2.5.2 Mttasurement 

For the determination of the vapour pressure of 2,4-TDI, the static method was used, with 
two procedures. The first procedure was performed exactly in accordance with the EEC 
guidelines, using mercury as the ma11ometric liquid. 



1 
! 
l 
I 
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The clean, dry apparatus was assembled without the test subs!ance, and checked for teaks. 
Approximately 3 ml of the test substance was put into the sampiP cell, which was then 
equilibrated at 23°C, then the vacuum pump was turned on for about five minutes. T.11e 
purpose of this step was to remove any entrained gas, which could have resulted in a 
falsely high vapour pressure being found. It was important to ensure that tha sample, did 
not solidify at this stage. 

The assembly was then placed In a thermostatted water bath, the tempen:'\~ure of which was 
measured with a thermometer, and the pressure exerted by the substance i'lt temperatures 
between sooc and 88°C was measured. The nitrogen pressure necessary to equalise the 
two arms of the manometer was measured using a Bourdon gauge. The system 
background pressure, mBar, determined during the leak check, was subtracted from the 
nitrogen pressure readin~. Several stable readings were taken at each temperature. A 
linear regression analysis was performed of reciprocal temperature (K) [x value] and the log 
pressure (Pa) [y value]. From the linear relationship found, the estimated vapour pressure at 
20°C was calculated. -

The second procedure differed from the first in two respects: 

I . Extended pumping at 51.5°C and 0.8 mbar for 2.5 hours was used to remove any 
trace of impurities. 

2. Silicone oil was used as the rnano!Tletric fluid. 

2.6 Oetermjnatjon of the exp!osjyjty of-2.4-TD! (A14) 

The guideline for Test A14 allows for the full explosivity test to be omitted on reasonable 
grounds of prior information. The approach used was to study the thermal stability of 2,4-
TOI using differential scanning calorimetry (DSC), and compare the results with DSC data 
for a substance (a tolylene diisocyanate mixture) for which explosivity testing has been 
performecf(4). 

DSC records the difference in energy inputs into a substance and a reference, as a function 
of temperature, while the substance and the reference are subjected to the S3me controlled 
temperature programme. This energy is the energy necessary to establish zero temperature 
difference between the substance and the reference. Processes such as melting, boiling or 
decomposition may be studied using DSC. Thermogravimetric analysis (TGA) is a 
complementary technique: the weight of a sample ls recorded whilst it is subjected to a 
·controlled heating programme. The weight changes are of use in their own right c-md can aid 

i':lterpretation of OSC data. 

Equipment (aJI from Perkin-Elmer). 

DSC7 Differential scanning calorimeter. 
TGA 7 Thermogravimetric analyser. 
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The balance component of the Tf3A was used to accurately weigh DSC and TGA pans and 
samples to 0.001 mg. 

For OSC and TGA: pans with lids that have a pinhole to S:low controlled loss of vapour were 
used. These are necesSPry for information regarding boiling. 

Methods 

Sample preparation 

The balance facility of the TGA was used to weigh the sample. Initially an empty pan and 
lid were placed in the balance and th6 .Jalance was ze;oed. The test substance was added 
to the pan and a lid was crimped into place. The sample was weighed: 0.5 mg to 3.4 rng of 
sample was used in either DSC or TGA tests. If the sample was intended for DSC analysis 
then this weight was noted separately and entered at the system prompt when in the 'DSC 
mode. 

In TGA mode, the sample pan was placed on the hang-down of the TGA furnace. In DSC 
mode the sample pan was placed in the left hand well of the DSC furnace and an empty 
pan, with lid, was placed in the right hand well. The well lids were positioned in the same 
orientation and tho furnace was closed. 

Operation. controls and programme 

The heattJrs in each furnace were remotely controlled by a mu:ti-tasking computer. This 
facility allowed the simultaneous operation of TGA (Task 1) and DSC (Task 2) programmes 
and the manipulation of stored data (Task 3). 

A heating programme was entered into the computer for task 1 and task 2, comprising initial 
and final temperatures, and the rate of temperature increase. The system was started, and 
data was obtained on the weight and temperature of each sample. This information was 
displayed graphically in real· time. At the end of a run the computer calculated changes in 
mass, enthalpy and temperature, and a print out of these was obtained Yia a graphics 
plotter. 

Conditions used 

Initial temperature: 24°C 
Final temperature: soooc 
Heating rate: 200Cimin 
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3. RESULTS 

3.1 Freezing point of 2.4-TQl 

Two runs were pe~ rmed as described in Section 2.2. The results obtained are given in 
Table 1. Both runs gav& a frt-lez;ng point of 21 .0°C, and were acceptable sharp freezing 
points as defined in Section c.. ··, 

It was concluded that the freezir,, )f 2,4-TDI is 21 .0°C. 

3.2 Boiling point of 2.4-TDI 

The Siwoloboff method described in Sectio11 2.3 was used. Two tests using fresh sam~les 
of 2,4-TDI were performed. The results obtained were: 

Start of boiling 
Re-entry into r.apiiiary 
Atmospheric pressure 

Test 1 

254°C 
252°C 
1011 hPa 

Test2 

254°C 
253°C 
1011 hPa 

It was noted that the test substance discoloured slightly above 235°C. 

Hence the boiling range of 2,4-TOI is 252°C to 254°C at 1011 hPa. This result is backed up 
by the estimate of boiling point fro:n DSC, which was 249°C. 

3.3 Density of 2.4-TPI 

The density meter method described in Section 2.4 was used. The calibration procedure for 
air and water was satisfactory. Three readings for the density of 2,4-TDI were obtained 
from the calibrated instrun •ent. These were 1.2141, 1.2140 and 1.2141 g cm-3, at 25°C. 
The mean of these data is 1.2141 g cm-3 (1214 kg m-3), and the relative density compared 
to the density of water at 4°C (0.99997 g cm-3) is 1.214 (to four significant figures). 

3.4 Vapour pressure of 2.4-I.Ql 

3.4.1 Estimation 

The method described in Section 2.5.1 was used to estimate the vapour pressure of 2.4-TDI 
.from its boiling point. The result was 1.5 Pa at 200C. 

3.4.2 Measurement 

The results obtained by the methods described In Section 2.5.2 are given In Table 2, and 
are shown in Eigure·1. The data are desaibed by the Clausius - Clapeyron equation: 



where 
VP is vapour pressure (Pa) 
Tis temperature (K) 
B, A are constants 
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log10 VP • B- (NT) 

The calculation of B and A by linear regression allow extrapolation to obtain the vapour 
pressure at 20°C. The results for the two tests were: 

First test Second test 

B 8.91 10.75 

A 1965 3·J56 

VP at 20°C (Pa) 158 2.1 

These show a large difference due to the effect of extending pumping of ~he sample. The 
results from the first test give a value for the product as a whole. whereas those from the 
second test indicate the vapollr pressure ot the major component. It is not known why the 
period of pumping needed to be longer than is usually necessary. The final result is in 
agreement with prior data(5) (obtained by the gas saturation method, which would not be 
sensitive to impurities) and with the estimated value, and is therefore preferred. 

3.5 Explosjvity of 2.4-TOI 

The method described in Section 2.6 was followed. The DSC and TGA data for 2,4-TDI are 
shown in Figure 2 and 3 respectively. They show that, apart from the boiling process, no 
significant thermal events occurred. For the two DSC runs, the onset temperature for 
boiling were 2~C and 249°C. TGA showed the onset of the boiling at 189°C and 230°C, 
with 87% and 71o/o mass loss, each respectively. 

The composition of 2,4-TDI is very similar to that of 80:20 TDI, for which a full A14 
explosivity test has been carried out<4); 80:20 TDI is not explosive, and shows similar 
DSC/TGA response to that of 2,4-TO I. Therefore, it is reasonable to conclude that 2,4-TDI is 
not explosive in the sense of the test m&thod A14. 
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4. DISCUSSION AND CONCLUSIONS 

Physicochemical properties of tofylene-2,4-diisocyanate mixture (2,4-TDI) have been 
determined in accordance with the test methods described in the Official Journal of the 
EEC(1). The results obtained were as follows: 

Freezing point: 
Boiling point: 
Relative density at 250C: 
Vapour pressure (calculated) 

(measured) 
Expfosivity: 

The test references are given in parentheses. 

(A1) 21 °C 

(A2) 252 to 254°C at 1011 hPa 
(A3) 0425 = 1.214 
(A4) 1.5 Pa at 20°C 

2.1 Pa at 20°C 
(A14) Not explosive 

The results are consistent with the prior data available for this substance. 
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I8ble 1 - freezing point of ' .4-TPI: rvn 1 

Time Te~atures (°C) 
(min) Substance Bath 

~.0 30.0 14 
0.5 29.5 14 
1.0 29.0 14 

·-1.5 28.5 14 
2.0 28.5 14 
2.5 28.0 14 
3.0 27.5 14.5 
3.5 27.5 14.5 
4.0 27.0 14.5 
4.5 26.0 15 
5.0 25.5 15 
5.ti 25.5 15 
6.0 25.0 15 
6.5 24.5 15 
7.0 24.5 15 
7.5 24.5 15 
8.0 24.0 15 
'3.5 24.0 15 
9.0 235 14.5 
9.5 ZJ.5 14.5 
10.0 23.5 14.5 
10.5 23.0 15 
11.0 23.0 15-

11 .5 23.0 15 
12.0 22.5 15 
12.5 ~ :/ ... 15 
13.0 Z::.5 15 
13.5 22.5 15 
14.0 22.0 15 
14.5 22.0 15 
15.0 22.0 15 
15.5 21.5 15 
16.0 21 .5 15 
16.5 21 .5 15 
17.0 21.0 15 
17.5 21.0 15 
18.0 21.0 H~-

18.5 21 .0 15 
19.0 21 .0 15 
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Table 1 cootjoued: Bun 2. 

Time Te~res Time T efT\)eratu res 

(min) Substance Bath (min) Substance Bath 
0.0 2D.O 13 16.0 22.0 14.5 
0.5 27.5 13 16.5 21 .5 14.5 
1.0 27.5 13 17.0 21.5 15.0 
1.5 27.0· 13 17.5 21 .5 15.0 
2.0 26.5 13 18.0 21 .0 15.0 
2.5 26.5 13.5 18.5 21 .0 15.0 --- -3.0 26.5 13.5 ~9 .0 21 .0 15.0 
3.5 26.0 13.5 19.5 21 .0 15.0 
4.0 26.0 13.5 20.0 21 .0 15.0 
4.5 26.0 14.0 
5.0 25.5 14.1) 
5.5 25.5 14.0 
6.0 25.0 14.0 

6 :5 25.0 14.0 
7.0 25.0 14.0 
7.5 24.5 14.0 
8.0 24.5 14.5 
8.5 24.5 14.5 
9.0 24.0 14.5 
9.5 24.0 14.5 
10.0 24.0 14.5 
~.5 23.5 14.5 

11 .0 23.5 14.5 
11.5 23.5 14-:s--
12.0 23.0 14.5 
12.5 23.0 14.5 
13.0 23.0 14.5 

-· 13.5 22.5 14.5 
14.0 22.5 14.5 
14.5 22.5 14.5 
15.0 22.0 14.5 
15.5 22.0 14.5 
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Table 2 - Vapour pressure of 2.4-TDI 

I est 1 : standard conditions Test 2: extended pumping 

Temperature(°C) Pressure (mbar) I emperature(OC) Pressure (mbar) 

50.0 7.5 51.5 0.98 

50.5 7.5 55.0 1.18 

57.5 10.0 55.0 1.05 

58.0 10.0 62.0 1.25 
63.0 12.5 70.5 1.4') -· 
70.0 15.0 '74.0 1.63 

76.0 20.0 78.0 1.98 

83.0 25.0 81.0 2.07 

88.0 30.0 86.0 2.66 

In both tests the background pressure was 0.8 mbar. 

Each pressure value in the table represent~ th& mean of tt1ree readings. 
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SITTINGBvtJRNE RESEARCH CENTRE 
SITTINGBOURNE, KENT, ME9 SAG, ENGLAND Page 1 of3 

MASTER PROTOCOL 

TITLE: Detennination of the physicochemical properties of a series of isocyanates 

PURPOSE AND SCIENTIFIC OBJECTIVE: To provide values of physicochemical propenies for 
regulatory purposes. 

STliDY DIRECTOR: P.R. Fisk 

STUDY DF£1GN: The master protocol for the study lists the complete range of tests that will be 
needed within the study. Protocol supplements will list rhe test substance details and the specific tests 
necessary for that substance. 

TEST SUBSTANCES: The test substances will be obtained from the International Isocyanates 
Instirute, via the SRC CompoWld Control Unit 

REFERENCE SlJBSTANCES: Any reference subst.anc:l"..s necessary will be obtained from reliable 
. sources. via the SRC CompoWld Control Unit 

DATA: 
• Data will be generated and stored in compliance with GLP. 

QUALITY ASSURANCE: 
The s!Ud)' will be audited by the SRC Quality Assurance Unit 

REPORTING: The results will be presented as an External Report. one report for each substance. 

SAFETY• Nonnal safety procedures will be observed. A copy of the test substance safety data sheet 
will be kc!p( in rhe study file in rhe laboratory. 

' 
ACCEPTED 

STUDY DIRECTOR 
APPROVED FOR 
SHELL 
RESEARCH LIMITED 

IF DRAFT PROTOCOL, DATE COMMENTS REQUIRED BY-----­

AUDITED_!I..Y ~,..).._. ON~:..!~ 'f AUDIT REPORT NO.: / 

DISTRIBUTION 
P.R. Fisk (2) 
K. Salisbury 
C. V. Eadsforth 
J. Sherren 
Q.A Unit 
~R,.,-nrrl 
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MASTER PROTOCOL 

PROTOCOL SJJPPLEMENT REOIDREMENTS~ 
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Page 2 of3 

A protocol supplement will be issued for each study. The following information will be included: 
• study number 
• title of study 
• proposed start and report dates 
• details of the test substance 
• the tests required. selected from the list in the MAS'IE.R protocol 

TESTS REOWRED AND METHODS: 

The list below gives the SRC Standard Operating Procedures that will be USt'd in tile study. Further 
· :.Jnfonnation on how eacb one will be applied in the study are given below. 

SOP no. 
401 
431 
404 
420 
403 
428 
402 
436 
430 
519 
610 
441 

Title 
Melting point 
freezing point 
Boiling point 
Density 
Vapour pressure (gas saturation) 
Vapour pressure (static method) 
Differential thermal analysis 
Differential scanning calorimetry 
Flash point 
Auto flammability of liquids 
Autofiammability of solids 
Estimation of properties by calculation 

Estimation of physicochemical properties by calculation 

EEC test no. 
AI 

A2 
A3 
A4 

(A14) 

A9 
A15 
Al6 

For certain regulatory purposes it is permissible to present physicochemical propertie~ as estimaled 
results. This approacb will be used in the study. In all cases estimated values will be v~~.ated by 
comparison with measurements on relevant analogues. either from within the study or from published 
literature. 

Thermal stability testing 

The performance of differential scanning calorimetry (DSC) as the first test on any of the test 
substances is an essential step in the study. The DSC experimer.t provides informatioo Je&an1in& 
melting, boiling and tllermal statrality. Thermogravimetric analysis will be perfor.ued also, in order to 
gain information about any mass losses occul'l'inJ during heating. Together, the tests are referred co as 
thermal analysis. The potential explosivity properties of the su~ will be oonsidered from lbese 
tests. For at lea!:: one test substance, a full explosivity test will be perfonned ICOOrdin& co EEC tat 
Al4. This will be done at Huntingdon Research Centre, ard reported as an lppe!Mfx in the approprille 
SRC report. 
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SITTINGBvURNE RESEARCH CENTRE 
SITriNGBOURNE, KENT, ME9 SAG, ENGLAND Page 3 of3 

MASTER PROTOCOL 

Melting point and freezing point 

For solids, melting point/range will be studied using the capillary method badced up by the DT A work.. 
For liquids, freezing point is appropriate. The tests will comply with the EEC guidelines. 

Boiling point 

Th~ Si~olobov method will be used. The tests will comply with the EEC guidelines. 

Density 

Automated methods will be used, for both liquids and solids. n.e tests will comply with the EEC 
guidelines. 

Vapour pressure 

Initial investigations of all the test substances for which measuremeru is required will be made using the 
static method. If the vapour pressure is below the usable range of that technique, the gas saturation 

• method will be used if possible. The gas saturation teclutique is not suitable for complex mixtures; if 
the pressure is low and the substance is a mixture then alternative techniques will be used via a contract 
study reported as an appendix in the appropriate report The tests will comply with the EEC guidelines. 

F1ash point 

This test is only appropriate to liquids or low melting point solids. For solids, they will be introduced to 
th.: apparatus as melts. or weighed solid particles will be dropped in, provided the melting range is 
below the usable range of the apparatus. The tests will comply with the EEC guidelines. 

Autonammability 

Tests Al 5 or Al6 will be used for liquids and solids respectively. For !ow melting solids which are :10t 
autoflammable as solids, the test substance will be used as a melt provided it can be handled 
satisfactorily. The tests will comply with the EEC guidelines. 
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S .. - fiNGBOURNE RESEARCH CENTRl. 
SfiTINGBOURNE, KENT, ME9 SAG, ENGLAND 

MASTER PROTOCOL: AMENDMENT NUMBER 1 

TITLE: Determination of the physicochemical properties of a series of isocyanates 

MODIFICATIONS AND JUSTIFICATION 

SBER.94.004 

Page 1oft 

Tests of thermal stability will be performed .according to SOP436, 'Differential scanning calorimetry 
and thermogravimetric analysis'. Two runs on each substance requiring testing will be performed, 
unless the results i.OO~cate that furthe.- testing is needed. 

This clarification is needed because SOP402 (differential thermal analysis) is mentioned in the protocol 
but will not be used, and because SOP436 has been extended to include thermogravimetric analysis. 

ACCEPTED 
STUDY DIRECTOR 

APPROVED FOR 
SHELL 
RESEARCH LIMITED 

IF DRAFT PROTOCOL, DATE COMMENTS REQUIRED BY - ----­

AUDITED B_! ~ ON ~k:.~UDIT REPORT NO.;,L 

DISTRIBUTION 
P.R. Fisk (3) 
C.V. ~adsforth 
J.A. Shern:..t 
Q.A. Unit 
The Record 
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SITTINGBOURNE RESEARCH CENTRE 
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PROTOCOL SUPPLEMENT 
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(to be read in conjunction with MAS1ER PROTOCOL entitled 'Determination of the physicochemical 
properties of a series of isocyan.ates') 

Project Letters - Experiment Number 

p p D 6 2 0 5 
TITLE: Tolylene-2,4-<liisocyanate (2,4-IDI): determination of physicochemical properti~ 

STUDY DIRECTOR: P.R. Fisk 2588 

IFST SUBSTANCE: 

Name Tolylene-2,4-d.iisocyanate 
Rhone-Poulenc. France Source 

Purity/composition 
Expiry date for use 
SRC Code 

Supplied as the commercial product SCURANA 1E TIOO. batch 93 363 050! (purity 99.9. 
lOth August 1994 

TESTS REOWRED: 

Test 
Freezing point 
Boiling point 
Density 
Vapour pressure 
Thennal analysis 

ST94/015 

START DATE: February 17th 1994. 

Comment 

Measured 

PROPOSEQ REPORT QATE: July 1994 

ACCEPTED 
STUDY DIRECTOR f f?_Cv,~ DATE /6lz,(q!f-

APPROVED FOR -/J,-v--~-.1'--:-+-L,-~ _-/·- - li.j /.,A 
SHELL C~ {/~~ DATE_!!q '?'/ 
RESEARCH LIMITED 

IF DRAFT PROTOCOL, DATE COMMENTS REQUIRED BY _ __.,../ __ _ 

AUDITEDBY ~ ON 14 · 2·1¥ AUDITREPOR~NO.: 
QJSTRWtmON 

P.R. Fisk (2) 
Q.A. Unit 
J. Shelren 

C. V. Eadsforth 
The Record 
EJ. Lr.ngner 
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APPENDIX B 

Description of the test substaOCt). 

The test substance was provided from Rhone-Poulenc as the commercial product 
SCURANATE T100, via the Test Substance Unit, with the following description and data: 

Name: 

CAS No.: 

Purity/composition: 

Batch Number: 

Date of manufacture: 

Colour (Hazen): 

Acidity (expressed): 

Hydrolysable chlorine: 
Total chlorine: 

Dimer: 

SAC Code: 

Expiry date: 

T otylene-2,4-diisocyanata 

584-84-9 

99.9% TDI (99.4% 2,4-TDI, 0.6% 2,6-TDI) 

933630501 

29-12-93 

10 

1mg HCVkg 

1 mglkg 
1 mg/kg 

< 200 mg/kg 

ST941015 

13th March 1996 

The following relevant typical physical and chemical data were also provided with tl1e 
sample by the s:o~pplier: 

Density: 1.22 gtcm3 

Boiling point: 

Vapour pressure at 250C: 

Kinematic viscosity at ~SOC: 

Crystallization point: 

Vapour density (air = 1): 

250°C at 1013 hPa 

0.033 hPa 

~mPas 

21.5 • 22°C: 

6 

No claim of GLP compliance is made in respect of the above property dat.a, provided by the 
supplier of the test substance. 

Ctiaracterisation 

Characterisation tests ws.re performed by the TSU. Measurements of its lA spectrum were 
made on 11 February 1994 (Figura 8.1) and on 13 Mafdl 1995. The spectra were found to 
be identical. Therefore the stability of the substance during the study was cor. firmed. 
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FIQure · · B 1. !A spectrum of 2,4-TO! 
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